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1. Introduction
In last RAN1 meeting, transmission diversity (TxD) scheme for NR-PDCCH was discussed and following working assumptions were achieved [1]:
	Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size
· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels


In this contribution, we will provide a further evaluation on the two TxD schemes, SFBC and precoder cycling, with the consideration of DMRS design.
2. Discussion
In previous discussions and evaluations on TxD scheme, DMRS is always assumed to be self-contained within the actual PDCCH transmission. This design has the advantage of flexible multiplexing among PDCCHs with different beamforming directions and/or different TxD schemes. However, this design would somewhat limit the channel estimation accuracy. 
An intuitive idea to improve channel estimation accuracy is to utilize the DMRS within the PRBs without actual PDCCH transmission to assist channel estimation. However, this requires uniform precoding matrix for actual PDCCH transmission and assisting DMRS. The frequency range containing assisting DMRS can be either entire BW or only partial BW of a CORESET. The larger the BW, the higher the DMRS overhead is and the less multiplexing flexibility remains. To strike the balance between channel estimation accuracy and DMRS overhead, and remain the flexibility of PDCCH multiplexing, a potential way is to add assisting DMRS only on adjacent PRB(s) that without PDCCH transmission. This design is applicable for both SFBC and precoder cycling. An illustrative example of the two DMRS designs is shown in Figure 1.
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Figure 1 Illustration of different DMRS designs: Opt 1: Self-contained DMRS; Opt 2: With assisting DMRS
3. Simulation results
In this subsection, we present extensive evaluations to investigate the impact of assisting DMRS. Distributed mapping with REG-bundling within a single control symbol is assumed. For precoder cycling, different precoding matrices are selected across different PRB(s) and thus the frequency part that is capable of assisting DMRS is quite limited. In this contribution, DMRS within adjacent 3 PRBs (i.e., an adjacent REG-bundling), is used to assist channel estimation. For SFBC, wideband assisting DMRS that spans entire BW of a CORESET is adopted. Detailed simulation parameters are summarized in Appendix.
In Figure 2, the BLER performances of two TxD schemes under different DMRS designs are shown, respectively. It shows that, the performance of both precoder cycling and SFBC can be enhanced via additional DMRS for assisting channel estimation. With only self-contained DMRS, precoder cycling performs better than SFBC under higher aggregation level (AL=4/8). However, the BLER performance of SFBC can be greatly improved with the help of entire BW DMRS.
Observation 1: The performance of both SFBC and precoder cycling can be enhanced via additional RS for assisting channel estimation. SFBC benefits more from assisting RS due to the possibility of wideband assisting RS.
Proposal 1: Assisting DMRS for channel estimation within a CORESET should be studied in NR-PDCCH design.
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	Figure 2 Comparison of BLER performance of two TxD schemes under different DMRS designs


4. Conclusions 
In this contribution, we discuss and evaluate SFBC and precoder cycling under the consideration of assisting DMRS design, with following observation and proposal:
Observation 1: The performance of both SFBC and precoder cycling can be enhanced via additional RS for assisting channel estimation. SFBC benefits more from assisting RS due to the possibility of wideband assisting RS.

Proposal 1: Assisting DMRS for channel estimation within a CORESET should be studied in NR-PDCCH design.
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Appendix
Table 1 Simulation assumptions

	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	DCI payload size
	60bit + 16bit CRC

	Aggregation Level
	4/8

	PRB number per CCE
	6

	Resource mapping
	Distributed with 3-REG bundling

	MCS
	QPSK

	Channel Coding
	Polar

	Channel model
	TDL-C [30ns]

	Antenna configuration
	2T 2R

	UE speed
	3km/h

	Channel estimation
	MMSE
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